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^ Platinum-intercalative complexes for the treatmem of cancer. 



{STj Anticancer active compounds are provided by chemical- 
ly linking a platinum anticancer drug to anlntercalative drug 
with a linking group that does not inactivate either drug. 
Further on processes for their production and pharmacentic- 
al compostitions containing same are disclosed. 
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Platinum- 1 ntercal ati ve Compl exes 
For The Treatment Of Cancer 



This invention relates to novel platinum-intercalati ve 
complexes for the treatment of cancer • 

Prior to the present invention, there have been available a 
wide variety of platinum compounds useful as antitumor 
agents • These available platinum antitumor compounds are 
quite effective against a variety of tumors. However, they 
have limited solubility in water, which renders their ad- 
ministration to human patients difficult. In addition, it is 
common to encounter tumor cell lines which are resistant to 
these therapeutic . platinum compounds, such as cisplatin. 

Representative antitumor platinum compounds are disclosed, 
for example, in U.S. Patents 4,053,587; 4,115,418; 
4,140,707; 4,177,263; 4,258,051; 4,339,437 and 4.419,351. 

in addition, it is well known, that intercal ati ve drugs such 
as vinblastine and bleomycine are effective antitumor drugs. 
Intercal ati ve compounds are those which insert themselves 
'between the base pairs of the DNA double helix and may bind 
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1 to specific sites of the nucleotides forming the DNA. By 
binding in this manner, the intercal ati ve drug is believed, 
to prevent the cellular reproduction of DNA and thereby to 
inhibit or prevent further growth of the tumor. 

5 . 

It has been proposed by Bagetta et al in Cancer Treatment 
Reports. Volume 66. No. 6; June. 1982. to combine cis-dia- 
. mminedichloroplatinuradi) (cisplatin) with vinblastine and 
bleomycin, the latter being an intercalative drug, in order 

10 to treat patients afflicted with metastatic malignant mela- 
noma. The authors state that the administration of this 
combination of drugs appears not to be indicated for general 
use. due to the cumulative toxicity of cisplatin. It also 
has been reported by Wittes et al, Oncology, Vol. 32, pages 

15 20Z-207 (1975) that there is a synergism noted when cispla- 
tin and bleomycin are administered to a patent concomitantly 
for cancer treatment. 

It would be highly desirable to provide a means for admini- 
20-stering antitumor drugs- which affords convenieW 

stratioft and which is at least as effective in the treatment 
of cancer as are presently available chemotherapeutic 
agents. Furthermore, it would be highly desirable to provide 
such a means which is capable of treating a spectrum of 
25 different cancers. 

This invention provides novel anticancer drugs comprising a 
DNA intercalative drug chemically linked to a platinum anti- 
cancer drug in order to form a single molecule which can be 

30 administered to a patient. It has been found that the cora- 
pounds of this invention are more highly water-soluble than 
the. counterpart unraodified platinura drug, and that they are 
toxic toward tumor cells which are resistant to the unmodi- 
fied platinum antitumor drug when administered alone. The 

3& intercalative drug and the platinum anticancer drug are 
joined together by a molecular bridge which does not adver- 
sely affect the activity of either the intercalative drug or 
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the platinum drug against tumor cells. Preferred molecular 
bridges are an al.kyl chain, polyamlne chain, polyether chain 
or the like, which .can be of variable length and composi- 



tion. 



10 



The compounds of this Invention are formed from a platinum 
compound having antitumor- activity which Includes a site to 
which a linking chain can be attached such as a reactive 
ring substltuent, I.e*. an amino group, a hydroxy! group, a 
sulfhydryl group, a reactive ring carbon, a ring nitrogen 
group, or the like. The rtng nitrogen group is utilized to 
bind the linking moiety between the intercalative compound 
and the platinum compound. Representative suitable platinum 
compounds include dichloroethylenedi ami nepl ati num( II ) , cis- 
15 -diaminedlchloropratinumdl). l,2-d1aminocyc1ohexarvedi- 

chloroplatinum(ll). ci s-di amml nemalonatopl ati num( 1 1 ) , or the 

like.. 

Representative suitable intercalative drugs are those having 
intercalative activity and having a moiety to which the 
rinking group can be attached, e.g.,"a ring- nitro-gen atbm. 
Representative suitable intercalative drugs include acridine 
orange, 2-methoxy-6-chloro acridine. 9-am1no acridine, pro- 
flavin or other- acridines, adriamycin, daunomycln. ellipti- 
cine, ethidium bromide, and related phenanthridines. 



20 
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The compounds of this invention are prepared in a manner 
which does not adversely affect the intercalative activity 
of the intercalative drug or the antitumor activity of the 
30 platinum drug. Generally the .compounds of this invention are 
prepared by the reaction of an intercalative drug which has 
a linkable group or atom as an amino or hydroxy group or a 
ring nitrogen atom with one reactive group of a molecular 
bridging group of the following, formula II 

35 X'- A — Y 

in which X and Y are. reactive, groups or protected reactive 
groups of different reactivity and A Is an alkyl chain, a 
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1 polyamine chain or a polyester chain and reacting the other 
reactive group - if necessary after removing the protective 
group - with the pTatinura drug, A typical synthesis of a 
compound of this invention will be described herein, with 

5 reference to acridine orange as the intercal ati ve drug, and 
dichloroethyl.enediamineplatinumClI) 5S the antitumor plati- 
num drug having the formula: 



The starting materials, acridine orange hydrochloride and 
€-chloro-l-hydroxyhexane, are reacted under conditions to 
protect the hydroxyl group of the 6-chl oro-1 -hydroxyhexane 
with dihydropyran^ The chloride group is then substituted 
with iodide, using the Finklestein-Hal ide exchange reaction, 
which is carried out with Nal/NaHCOj/acetone. The iodo 
compound thereby produced then is condensed with the free 
base form of acridine orange in a suitable solvent such as 
hot xylene, thereby to cause the quarternization of the ring 
nitrogen* This reaction yields acridine orange with an alkyl 
side chain containing a protected hydroxyl group at the end 
of the chain. The protection of the hydroxyl functionality 




Formula I 
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I is effected in dilute add, such as dilute HCl in ethanol . 
Thereafter, the hydroxy! group 1s substituted with bromide 
utilizing 48% hydrobromic acid to jwoduce the alkylated 
acridine orange with a reactive bromine at the end of alkyl 

5 chain. The bromine is easily substituted by ethylenedi ami ne 
in a suitable solvent, such as methanol, thereby to produce 
an alkylated acridine orange with an ethyTenedi amine group 
at the end of the alkyl chain. This compound then -is reacted 
with Ptl^^' in a suitable .sol vent, such as dimethylf ormamide 
3^0 and water, thereby to effect attachment of the platinum ion 
to. the ethylenedi amine chelate. The two iodides are substi- 
tuted with chloride by using a stoichiometric amount of 
silver nitrate followed by treatment with HCl to produce the 
compound of Formula !• 

15 

The compound of Formula I is useful as an antitumor drug and 
has several advantages over cisplating. For example, its 
aqueous solubility is 20 mg/ml, which is far superior to 
that of cisplatin, 3 mg/ml. In addition, the compound of 

20 Formula 1 also has a much greater abi 1 vty to unwi nd DNA than 
other platinum antitumor drugs, due to the high intercala- 
tive affinity of the acridine orange moiety for DNA. Both 
the acridine orange and the platinum moieties are biologi- 
cally active compounds. Having the two in one molecule 

25 enhances the effects of both. It has been found that the 
compound of Formula T not only is acti ve against normal 
tumor cells, but it is active against cisplatin-resistance 
tumor cells. In addition., it has been found that the 
compound of Formula- I is a photoactive DNA degradation 



30 agent. 



The following examples illustrate the present invention and 
are not Intended to limit the same. 



35 Suitafile dosages for utilizing the drugs of this invention 
comprise between about 25 mg/kg body mass and about 2,5 
mg/kg. For example, the compound of Formula I can be uti- 
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1 lized at a dosage of between about 2,5 mg/kg and about 
1 5 nig/kg , 

• Example I 

5 

Synthetic Procedures: 
Protected 6-chlorohexanol { II ) : 

31,0 ml of dihydropyran (341 mmdl ) was dissolved in 375 ml 
of CB^eig^ U36 g of PPTS was added as a catalyst. 25 ml of 

10 5-chlorohexanol (227 mraol ) was added and the solution was 
stirred at room temperature for 5 hours. The mixture was 
then washed in a separatory funnel with 2 x 250 ml of half 
concentrated NaCl solution with 2 g of NaHCOj per 250 ml. 
The CHgClg phase was dried with anhydrous Na^SO^* Removal of 

15 the solvent by rotary evaporation yielded 49,8 g of a crude 
yellow material. Vacuum distillation {<10 torr) yielded a 
main fraction of 31,7 g (63%, b.p: SS-IOCC 10 torr) as a 
clear liquid. 

20 Protected 6-iodohexanol ( 1 1 1 ) : 
^Al 1- gl as sware was dried In anno vW"p^ 

(45,3 mmol> was dissolved in 50 ml of dry distilled acetone. 

3,8 g of NAHCOj (45,4 mraol) was added to the reaction 

mixture followed by 20,4 g of Nal (136,1 mmol). This mixture 
25 was refluxed under 19 hours. The acetone was removed 

by rotary evaporation^ 

The residue was dissolved in deipnized H2O. Two layers 
formed in the separatory funnel. The mixture was extracted 
with 2 X 50 ml of EtgO. The combined ether layers were 
30 washed with 50 ml D.I. H2O (+ 1/2 g NaHCOj) and then dried 
with NagSO^. The solvent was then removed by rotary 
evaporation and the oil obtained was dried in a vacuum 
desiccator overnights Yield: 13,1 g (92,0%). 

35 Quatefnized Acridine Orange with a Protected Alcohol: 

All glassware was dried in an oven overnight. The xylene was 
dried over 4 A molecular sieves. The acridine orange free 




01 63316 

-7- 

1 base was dried in a vacuum desiccator overnight. 11,77 g 
(37,7 mmoT) of III and 65 ml of Xylene were mixed together. 
5 g {18,8 mmbl) of acridine orange was added as a suspen- 
sion. A spatula tip full of NaHCOj was added. The mixture 

5 was refluxed with vigorous stirring for 5 1/2 hours. The 
reaction mixture was cooled and suction filtered. After 
washing with EtgO a bright orange microcrystall ine solid was 
obtained^ After drying in a vacuum desiccator the crude 
yield was 8,9 g (83,6%). The product was recry stal 1 i zed 
10 twice from EtOH with EtgO added to the fog point. 7,96 g 
(73,3%) of a bright red-orange microcrystal 1 i ne solid was 
obtained. 

Synthesis of Alcohol (VI): 
15 5,36 g (9,61 mmol) of the protected alcohol (V) was dis- 
solved in 30O ml of 95% EtOH by heatinng on a steam bath. 2,6 
ml of concentrated HCi to make a 0,1M HCL/EtOH solution was. 
added. The solution was stirred on a steam bath for 2 hours 
and then stirred at room temperature for 2 more hours. The 

20 solvent was then removed by rotary e vapor at ion produci ng a 

deep red solid. The solid was triturated with EtgO and then 
dissolved in 250 ml of D.I. H2O. The H^O solution was washed 
with 3 x 50 ml of Et20 in a separatory funnel. The water 
layer was then evaporated by rotary evaporation. The crude 

25 yield after drying in a vacuum desiccator was 4,68 g 
(97,8%). Recrystal 1 ization from 1:1 T-PrOH:MeOH yielded 
several crops of crystals ranging from dark red needle-like 
crystals to bright red mi crocry stall ine solids. Total re- 
crystallized yield: 3,34 g (69,8%). 

30 . . 

Systhesis of Bromine Compound (VII): 

48% HBr was disstilled from red phosphorous under N^- 1,3 g 
(2,63 mmol) of the alcohol. VI was. added directly to 60 ml of 
the freshly di stn led 48% HBr. The mixture was stirred on an 
35 oil bath under at 95^C for 4 1/2 hours. The solution was 
then poured into 250 ml of cold D.I. H2O. An immediate light 
orange precipitate formed. This was collected b^ suction 



0163316 

-8- 

I filtration through a glass frit. This was followed by wash- 
ing with D.I. and Et20. After drying overnight in a 
vacuum dessicator, 1,3 g (97%) of VII was obtained. This 
material was found to decompose somewhat during recrystal- 

c Tizatlon from alcohols. Since the crude solid proved to be 
very pure by 'H NMR it was used without further purifi- 
cation. 

Synthesis of Ligand: 

The bromine compound (VII) was dried thoroughly in a vacuum 
desiccator before the reaction* All glassware was oven dried 
before use. 2,80 g of VII (5,5 mmol ) was suspended in 200 ml 
of dry distilled MeOH* The reaction vessel was flushed with 
and then 7>36 ml of dry distilled ethyl enediamine (110 
15 mmol) was added by syringe. The reaction was stirred at yO^'C 
under a constant pressure of H^- After the first hour all of 
VII had completely dissolved. The reaction was stirred 5 1/2 
hours total and then most of the HeOH was removed by rotary 
evaporation* 40 ml of DMF was added and removed at 55^*0 by 

e va p~olr¥t i o^n u s i ng ~a v a c u urn" p u mp v~A~'d e e p ~r e d b r ow n 

solid formed in the flask. This was dried in a vacuum 
desiccator overnight. The solid was triturated with ET^O 
(3 X 30 ml ) and dried in a vacuum desiccator again. Yield: 
3,12 g (quantitative). 

25 

Recrystal lization of the Ligand to Produce the Tetra-HCl 
Salt: 

2 g of the crude ligand was suspended in 100 ml of dry 
distilled EtOH. This was brought into solution on a steam 

30 bath. Dry HCL gas was passed through the solution. A pre- 
cipitate initially formed, but this redissolved as more HCl 
was bubbled through, producing a much deeper red solution 
than originally- The solution was slowly cooled to room 
temperature covered with a rubber septum and then cooled in 

35 an ice" bath. The solid formed was collected by suction 

filtration, washed with cold EtOH (200 proof), and dried on 
the filter under a fast flow of N«. This yielded 1,6 g 
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IL (77,3%) of the tetra-KCI salt after drying in a vaciium 
desiccator. 

Platinum Diiodo Complex with Ligand (IX): 

g A pH 10 solution of .0,5 g (.848 mmol ) of VIII was prepared 
initially in 10 ml of D.I. H2.O. This was concentrated by 
rotary evaporation after adding 5 ml of DMF. A white solid 
was removed and a final 15 ml solution of 2:1 OMFiHgO was 
prepared. 0,5 g (1,21 mmol) of KgPtCl^ was dissolved in 5 ml 

Q of D.I. H2O. .1,61 g of KI (9,68 mmol) was dissolved in 5 ml 
of D.I. HgO. The KI solution was added dropwise to the 
K^PtCl^ solution over 15 minutes^ after which the solution 
was heated at 50*^0 for 15 minutes. Then 20 ml of DMF was 
added. The ligand solution was added slowly to the KgPtl^ 

g solution over 2 hours. DMF was added when needed to keep 
everything in solution. The soliitlon was stirred overnight 
at SO'^C. The solvent volume was then reduced to a low volume 
by rotary evaporation. D. I. H^O was added to precipitate the 
product. This product was filtered, washed with EtOH and 

20 EtgO* and then dried on a vacuum des ice at or overnight. 
Yield: 744,7 mg (89,2%) of IX. 

Dichloro Platinum Complex X: 

300 mg (,305 mmol) of IX. was dissolved in 15 ml of DMF. 

25 153,7 mg (1,06 mmol ) of AgNOg was dissolved in 3 ml of DMF. 
This latter solution was added dropwise to the solution of 
IX. A heavy whitish precipitate formed. The solution was 
heated on a steam bath to coagulate the Agl and then stirred 
5 minutes more. The solution was then filtered through a 

30 Millipore filter (yield: 203,.8 mg 95,9% of Agl)^, stirred for 
an additional hour covered with foil and then cooled in a 
refrigerator at 0®C for 1 hour. After filtering through, a. 
Millipore filter again the solution was concentrated by 
rotary evaporation to low volume and 5 ml of DMF and 5 ml of 
35 0,4M HCl were added. After sitting overnight the solution 
was filtered. After removing all but 1-2 ml of DMF by rotary 
evaporation, the product was precipitated by adding iPrOH. 
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^ The solid was collected by suction filtration and washed 
with EtOH and Et^O. After drying in a vacuum desiccator 
196>3 mg of X (90,6%) was obtained as a bright red solid. 



Example II 

Toxicity tests were conducted in mice with the compound of 
Formula I« A series of culture plates with the cell culture 
set forth in Table I were exposed to varying concentrations 
of the compounds to determine the concentration at which 
cell growth rate decreased by 50% flDgQ). The results are 
set forth in Table I: 

Table I 

CelT Line IDgg, Mg/ml 

L1210 {leukemia tumor cell line) 0,83 
T1815 3,15 
L1210 PDD (cis platinum resistant 
20 tumor cell line) 4,16 

Varying concentrations of the compound of Formula I, i.e., 
2,5, 5,0» 10,0, 20,0 and 40»0 mg/kg were each administered 
to two mice to determine the effect of the compound on the 
25 viability of the mice. At 2,5 and 5,0 rag/kg, the mice 

remained alive. At 10,0 mg/kg, the mice lost weight after 14 
days. After 20 and 40 mg/kg» the mice died* 

Mice were implanted with the L1210 cell line 
30 interperi tonally and thereafter some of the mice were 
administered with doses of the compounds of formula I 
ranging from 6,7 to 20 rag/kg. The optimal dose is 15 mg/kg 
giving a %ILS of 51% versus control mice implanted with 
LIZIO but not treated with the drug. Results are shown in 
35 detaiT in Table II. %ILS values for cisplatin (cisDDP) are 
also shown in Table II for comparison. 
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Dose 


Schedule 


Mean 


ILS 


L 1 2 1 0/0 


Formula I 


20 


d 1, 5, 


9,9 


10% 


1 




1 0 


9, 13 


12,3 


38% 






. 5 . 




10,6 


19% 




CisDDP 


3 




11,9 


34% 


L1210/0 


Formula I 


15 


d 1. 5, 


13,9 


51% 






10 


9, 13 


11,3 


23% 






6,7 




11.3 


23% 




CisDDP 


4,5 




19,6 


113% 






3,0 




13,9 


51% 






2,0 




11,6 


26% 



Treatment with the compound of formula I, of mice implanted 

with a tumor cell line resistant to cisDDP using doses 

_20_ r an g i n g _fj- 0 m_.6 , JL t g_.l 5 .m g /.kg. _sho.we d_mi. I d- -a ct-i-v-i-t-y v -T-h e se - 
results are shown in Table lil. 
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Dose Schedule 



30 



L1210/PDD Formula I 



CisDDP 



15 

10 
6,7 
4,5 
3,0 
2.0 



q4dx4 



Mean 

12.3 
12.1 
11.4 
11,0 
10.8 
11.0 



ILS 

12% 
10% 

4% 

0 

0 

0 
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Claims: 

1. A compound suitable for the treatment of cancerous tumors 
\/hich comprises an intercal ati ve drug and a platinum drug 
having antitumor activity linked together by a molecular 
bridge which does not adversely affect the intercalati ve 
activity of the intercalati ve drug or the antitumor 
activity of the platinum drug. 

2* A compound according to claim 1, in which the linking 
molecular bridge is an alkyl chain, a polyamine chain or 
a polyether chain. 

3. A compound according to claim 1 or 2, in which the 
intercal ati ve drug is an accridine or phenanthridine 
derivative. 

4. A compound according to claim 3, in which the inter- 
calative drug is acridine orange, 2-methoxy-6-chl oro- 
acridtne, 9-amino acridine, proflavin, adriamycine, 
daunomycine, ellipticine or ethidium bromide. 

5. A compound according to one of claims 1 to 4, in which 
the platinum drug is dichloro-ethylenediaminepl atinum- 

{ in , cis-diaminedichloropl atinum( II ), 1 , 2-diaminocyclo- 
.hexanedichloroplatinum( II > or cis-diamineraalonato- 
platinumdl) . 
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. The compound of Formula I having the formula: 




7. "A process for the production of compounds according -to — 

claims 1 'to 6, comprising the reaction of an inter- 
calative drug which has a linkable group or atom as an 
amino or hydroxy group or a ring nitrogen atom with one 
reactive group of a molecular bridging group of the 
following formula II 
X — A — Y 

in which X and Y are reactive groups or protected reac- 
tive groups of different reactivity 

and A is an alkyl chain, a polyamine chain or a polyester 
chain 

and reacting the other reactive group - if necessary 
after removing the protective group - with the platinum 
drug* 

8. A process according to claim 7, wherein the reaction of 
the second reacti ve. group is affected with a diamine com- 
pound, which is thereafter chel ated with a platinum ion 
to form the platinum drug. 



10 
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9. A process according to claim 8, wherein acridine orange 
ts reacted with di.hydropyrane protected 6-1odo-l -hydroxy 
-hexane, the hydroxygroup is converted to a bromine 
group, which is condensed with ethyl enedi amine, which is 
thereafter chelated with platinum tetraiodide and the 
iodide converted tp chloride to yield the compound of 
.. cl aim 6. 

.10. A pharmaceutical composition containing a compound 

according to claims 1 to 6 and pharmaceutical ly accept- 
able carriers and adjuvants. 
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